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(54) PROJECTION EXPOSURE METHOD AND ITS EQUIPMENT 

(57)Abstract: 

PURPOSE: To prevent thermal deformation in time of an 
optical system for a long time, when a pattern on a mask 
is subjected to reduction transfer on a wafer, via a 
reflection type reduction projection optical system, by 



using a beam in an X-ray region or a vacuum ultraviolet 
region as an exposure light. 

CONSTITUTION: The following are installed; a means 32 
for cooling the rear of a multilayered film mirror 
constituting a projection optical system, and a heating 
means 31 which controls heat amount so as to make 
energy absorbed by the multilayered film mirror always 
constant. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The projection exposure approach which is the projection exposure approach which 
carries out the contraction imprint of the pattern currently drawn on the 1st substrate on the 
2nd substrate through image formation optical system using the light source which emits the 
beam of an X-ray field or a vacuum-ultraviolet field, and is characterized by performing a pattern 
imprint, heating continuously or intermittently the optical element which constitutes said image 
formation optical system. 

[Claim 2] The timing of heating of said optical element is the projection exposure approach of 
not heating or reducing the amount of heating while it heats when the beam of said X-ray field or 
said vacuum-ultraviolet field is intercepted in claim 1 and the pattern imprint is not performed, 
and said pattern imprint is performed by the exposure of said beam. 

[Claim 3] The light source which emits the beam of an X-ray field or a vacuum-ultraviolet field, 
and a lighting means to illuminate said beam on the 1 st substrate, The image formation optical 
means which makes the beam which penetrates said beam reflected from said 1st substrate, or 
said 1st substrate condense on the 2nd substrate, The projection aligner characterized by 
including a heating means to heat the optical element which constitutes said image formation 
optical means in the projection aligner which consists of a positioning means to move or position 
said the 1st substrate and said 2nd substrate in a desired location. 

[Claim 4] The projection aligner which established the heating control means which controls the 
amount of heating of said heating means according to the amount of incidence of said beam 
which reflects said 1 st substrate from transparency or said 1 st substrate, and carries out 
incidence to said image formation optical means in claim 3. 

[Claim 5] the reflector of the reflecting mirror which constitutes said image formation optical 
means in claims 3 or 4 — things — the projection aligner with which a cooling means to cool 
said reflecting mirror is formed in the field. 

[Claim 6] It is the projection aligner with which said reflecting mirror consists of multilayers 
mirrors in claims 3 or 4. 

[Claim 7] The light source which emits the beam of said X-ray field or a vacuum-ultraviolet field 
in claims 3 or 4 is a projection aligner which is synchrotron radiation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the projection aligner which imprints a detailed 
pattern on a wafer, and relates to the high projection exposure approach of the resolution using 
the beam of an X-ray field or a vacuum-ultraviolet field, and its equipment especially 
[0002] 

[Description of the Prior Art] The engine performance which can imprint a pattern with it is 
required of the projection aligner which imprints on a wafer circuit patterns, such as a 
semiconductor device drawn on the mask. [ high resolution and ] [ detailed ] The contraction 
projection aligner with which this aligner forms the pattern on the wafer through the contraction 
projection lens using the mask with which the subject copy 5 times the magnitude of a circuit 
pattern is drawn is mainly used. Resolution improves, so that the wavelength of exposure light is 
generally so short that the numerical aperture (NA) of a projection lens is large. Here, since the 
approach of enlarging NA brings about the fall of the depth of focus at the time of a pattern 
imprint, there is a limitation in the magnitude. Then, examination which raises resolution using the 
beam of short wavelength, such as an X-ray, has been performed briskly. However, since a beam 
becomes that it is easy to be absorbed so that wavelength is short, it is difficult to realize image 
formation optical system with a transparency mold lens like the conventional aligner which makes 
a mercury lamp the light source. Then, the approach using reflective mold image formation 
optical system has been proposed. 

[0003] The conventional reflective mold image formation optical system on condition of using an 
X-ray is indicated by JP.63-18626.A and JP,63-312638,A. This conventional example is indicated 
about the configuration of the image formation optical system which imprints a mask pattern on 
a wafer. 
[0004] 

[Problem(s) to be Solved by the Invention] The above-mentioned conventional example is 
indicating the detailed configuration of the reflective mold image formation optical system which 
is made to condense an X-ray and carries out image formation of the pattern. Moreover, the 
reflecting mirror which constitutes reflective mold image formation optical system is a 
multilayers mirror, and since energy is absorbed since the reflection factor is not high, and 
temperature rises, it shows that it is also necessary to cool a reflecting mirror. This cooling is 
important when also preventing slight heat deformation of a reflecting mirror. However, only while 
beams for exposure, such as an X-ray, are irradiated and the pattern imprint is performed on the 
occasion of actual exposure, a reflecting mirror absorbs energy and causes a temperature rise. In 
case wafers are exchanged when moving to the next exposure location from the exposure 
location of one place on a wafer or, since the beam for exposure is intercepted, the temperature 
rise of a reflecting mirror does not happen. Thus, the energy absorption leading to the 
temperature rise of a reflecting mirror happens intermittently. That is, heat deformation of the 
reflecting mirror resulting from the temperature change of a reflecting mirror is produced 
repeatedly. 

[0005] This conventional example is not taken into consideration at all about the temperature 
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control in the actual case of absorbing energy intermittently, although it is effective about the 
case where a reflecting mirror absorbs energy regularly. For this reason, configuration precision 
of a reflecting mirror could not be kept constant, but there was a problem that a detailed pattern 
could not be imprinted to stability. 

[0006] The purpose of this invention is irrespective of the existence of an exposure of the beam 
for exposure by keeping the temperature of a reflecting mirror constant, preventing heat 
deformation and always maintaining the configuration precision of a reflecting mirror to provide 
the basis of high dependability with the projection exposure approach which can imprint a 
detailed pattern, and its equipment. 
[0007] 

[Means for Solving the Problem] The above-mentioned technical problem is attained by 
establishing a means to heat a reflecting mirror so that said reflecting mirror can absorb the 
energy of the specified quantity, when beams for exposure, such as an X-ray, are intercepted at 
the same time it forms a cooling means in said reflecting mirror, or even when there is little 
energy of the beam for exposure which carries out incidence to said reflecting mirror 
[0008] 

[Function] The heating means for heating the above-mentioned reflecting mirror makes said 
reflecting mirror always absorb the energy of the specified quantity by changing the amount of 
heating according to beam exposures for exposure, such as an X-ray. Furthermore, since a 
temperature gradient is fixed and the thermal steady state is maintained by forming a cooling 
means in the rear-face side of a reflecting mirror, the configuration error of a reflecting mirror is 
not produced. Consequently, the performance degradation of image formation optical system is 
avoided, and the imprint of a detailed pattern is performed with a sufficient precision 
[0009] 

[Example] Drawing 1 is drawing showing the detailed pattern imprint equipment of this invention 
using the X-ray (synchrotron radiation) emitted from there as an exposure light, using electronic 
storage rings as an X line source 1. It reflects in the ellipsoid mirror 2 which acts as an 
illumination-light study system, and the X-ray emitted from the X line source 1 illuminates the 
mask 3 which is the 1st substrate. Other X line sources, such as a laser plasma X line source, 
may be used for the X line source 1 , for example, without being restricted to electronic storage 
rings. Toroidal **** is sufficient as the ellipsoid mirror 2, and it may consist of reflecting mirrors 
of two or more sheets. The reflected light from a mask 3 reaches the wafer 1 1 which is the 2nd 
substrate through the reflective mold image formation optical system 10 which consists of a 
concave mirror 6, a convex mirror 7, a concave mirror 8, and a plane mirror 9. Consequently, the 
pattern currently drawn on the field to which it was illuminated on the mask 3 is imprinted on a 
wafer 11. When the lighting field on a mask 3 is narrow, all the patterns on a mask 3 can be 
imprinted on a wafer 1 1 by setting the stage 4 in which the mask 3 was carried, and the wafer 
installation base 12 in which the wafer 1 1 was laid by the contraction scale factor of the 
reflective mold image formation optical system 10, and carrying out a synchronous scan. 
[0010] The wafer installation base 12 is fixed on the z stage 15 movable in the field and the 
direction of a right angle of a wafer 1 1, and the z stage 15 is carried in the direction of a field of 
a wafer 1 1 on the movable xy stage 16. The installation position error of a wafer 1 1 is detected 
in the mark currently formed in the rear face by the position transducer 21 fixed to the base 19 
through the detection optical system 20, and the detection result is sent to a control system 22. 
On the other hand, measurement of the migration location of a wafer 1 1 is performed by 
measuring the location of the mirror 14 fixed on the stage 15 with the laser length measuring 
machine 13, and the result is always sent to a control system 22. A control system 22 maintains 
a mask 3 and a wafer 1 1 at desired physical relationship by controlling the mask driving means 5, 
z stage driving means 1 7, and xy stage driving means 18. 

[001 1] Here, all reflectors are made into the multilayers structure to which the laminating of Mo 
(molybdenum) and the Si (silicon) was carried out by turns, and 50% or more of reflection factor 
was obtained to the X-ray with a wavelength of 14nm. Moreover, each field of a concave mirror 
6, a convex mirror 7, and a concave mirror 8 was made into the field arranged around one medial 
axis at the revolving-shaft symmetry, or the field which started the part. 
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[0012] Drawing 2 is drawing having extracted and shown the part which shows only the image 
formation relation by the concave mirror 6, the convex mirror 7, and the concave mirror 8 among 
the detailed pattern imprint equipment shown in drawing 1 . Since a reflecting mirror 9 does not 
govern the image formation engine performance only by changing the travelling direction of x 
lines, it is omitted by drawing 2 . Here, suppose that the distance between each optical element 
is expressed with the distance on the medial axis of optical system. As shown in drawing 2 , the 
distance from t2 and a convex mirror 7 to a concave mirror 8 for the distance from t1 and a 
concave mirror 6 to a convex mirror 7 t3, [ the distance between the body sides 300 and 
concave mirrors 6 equivalent to a mask 3 ] It is the distance to the image surface 110 which is 
equivalent to the front face of a wafer 1 1 from a concave mirror 8 t4 It carries out. When r1 r2, 
r3, and the cone constant that expresses the amount of aspheric surfaces of each field further 
were set to d. c2. and c3 for the radius of curvature of the plane peak point of a concave mirror 
6, a convex mirror 7, and a concave mirror 8, respectively, in this example, the value of a 
parameter was chosen as follows. 

[0013] t1=1 000.0mm, t2=-1 49.863mm t3=70.003mmt4=-1 20.951 mmr1=-393.970mm 
r2=1 08.6567mm, r3=-149.640mmc1 =-0.9430, c2=-0.09193, Only by the system shown in 
c3-0. 14273 drawing 2 , since the wafer 1 1 by which migration positioning is carried out along the 
image surface 110 may interrupt the optical path between the body side 300 and a concave 
mirror 6, as shown in drawingj, in fact, a plane mirror 9 is inserted and the migration direction of 
a wafer 1 1 is carried out into xy side. A plane mirror 9 can also be arranged between the light 
source 1 and a mask 3: 

[0014] Since the X-ray reflection factor of a concave mirror 6, a convex mirror 7, and a concave 
mirror 8 is about 50%, the remaining X-ray energy will be absorbed by the multilayers mirror. 
Here, as shown in drawing 1 , the cooling means 32 is formed in a different field from the 
reflector of a concave mirror 6. This cooling means 32 has cooled the rear face of a concave 
mirror 6 by pouring fluids, such as a low-temperature liquid or a gas, for the inside of it. On the 
other hand, the heating means 31 is a heat source which gives heat energy to the reflector of a 
concave mirror 6, and it is arranged so that the optical path of the X-ray for exposure may not 
be interrupted. 

[0015] The heating means 31 may irradiate an energy beam from the location distant from the 
concave mirror 6, as shown in drawing 1 , and it may be directly heated from the edge of a 
concave mirror 6. The amount of heating is controlled by the heating control means 33. That is, 
when the shutter 30 which controls the exposure to the mask of an X-ray opens and the pattern 
imprint is performed, the amount of heating is made into a fall or zero, and when the shutter 30 
has closed, the amount of heating is made [ many ]. Consequently, the energy of a constant rate 
is always poured into the reflector of a concave mirror 6 irrespective of closing motion of a 
shutter 30. Although not shown in drawing 1 , heating of the same reflector as a concave mirror 
6 and cooling on the back are performed also with multilayers mirrors other than concave mirror 
6. Moreover, heating and cooling a mask 3 and for lighting with the same said of the ellipsoid 
mirror 2 may be performed. Closing motion of a shutter, the change in the amount of heating, 
etc. are controlled by the control system 22. 

[001 6] When a mask 3 was complete reflection, it was made for the fixed amount of energy 
which a multilayers mirror is made to absorb to turn into the energy and tales doses which are 
absorbed by each multilayers mirror in this example. This amount of energy may be suitably set 
up according to the area of the reflective section of the mask used for exposure. 
[001 7] Drawing 3 is drawing showing the temperature distribution in the cross section of a 
concave mirror 6. The reflector is maintained at a constant temperature always higher than a 
rear face by absorption of the heat energy 34 from the X-ray for exposure, or the heating means 
31. On the other hand, since the rear face is cooled, temperature distribution 35 do not change 
irrespective of the existence of exposure. For this reason, since the configuration of each 
reflecting mirror does not change, degradation of the image formation engine performance of the 
reflective mold image formation optical system 10 is avoided. The temperature of a reflector is 
set up so that the counter diffusion in the interface of multilayers may not arise. Moreover, the 
reflector is manufactured so that it may become a design configuration by these temperature 
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distribution. By this invention, if a reflector is maintained at an elevated temperature, the carbon 
adhesion which is easy to produce by the exposure of beams, such as an X-ray, can also be 
reduced. 

[001 8] In addition, although a pattern imprint is irradiating the resist usually applied on the wafer, 
making it expose beams, such as an X-ray, and making a latent image, this invention can be 
applied to direct processing on the front face of a sample by X-ray irradiation, processing which 
makes an X-ray excitation light, for example, without restricting to use of a resist, since it is 
related with the optical system which forms the image of a mask pattern on a wafer using an X- 
ray. 
[0019] 

[Effect of the Invention] According to this invention, in the equipment which performs a pattern 
imprint using the beam and multilayers mirror of an X-ray field or a vacuum-ultraviolet field, 
since the cooling means and the heating means which can control the amount of heating were 
established so that the temperature distribution of a multilayers mirror might be kept constant in 
time, the performance degradation by heat deformation of exposure optical system is avoided. 



[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ Drawing 1 ] The block diagram of the projection aligner which is one example of this invention. 
[Drawing _2] The explanatory view showing the advance path of the chief ray in the image 
formation optical system of a projection aligner. 

[Drawing 3] The explanatory view showing the temperature distribution in the cross section of 
the reflecting mirror which constitutes image formation optical system. 
[Description of Notations] 

I [ — A concave mirror, 7 / — A convex mirror, 8 / — A concave mirror, 9 / — A plane mirroi 

II / — A wafer, 30 / — A shutter, 31 / — A heating means, 32 / — A cooling means, 33 / — 
A heating control means, 35 / — Temperature-distribution curve. ] — X line source 2 — An 
ellipsoid mirror, 3 — A mask, 6 
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DRAWINGS 



[Drawing 1] 
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